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ABSTRACT

Remote sensing cannot provide a direct measurement of vegetation index (VI) but it can provide a
reasonably good estimate of vegetation index, defined as the ratio of satellite bands. The monitoring
of vegetation in nearby urban regions is made difficult by the low spatial resolution and temporal
resolution image captures. In this study, enhancing spatial resolution method is adapted as to improve
a low spatial resolution. Recent studies have successfully estimated normalized difference vegetation
index (NDVI) using improved resolution method such as from the Moderate Resolution Imaging
Spectroradiometer (MODIS) onboard EOS Terra satellite. Image enhancing spatial resolution is an
important tool in remote sensing, as many Earth observation satellites provide both high-resolution and
low-resolution multi-spectral images. Examples of enhancement of a MODIS multi-spectral image and
a MODIS NDVI image of Cheongju using a Landsat TM high-resolution multi-spectral image are
presented. The results are compared with that of the IHS technique is presented for enhancing spatial
resolution of multi-spectral bands using a higher resolution data set. To provide a continuous monitoring
capability for NDVI, in situ measurements of NDVI from paddy field was carried out in 2004 for
comparison with remotely sensed MODIS data. We compare and discuss NDVI estimates from MODIS
sensors and in-situ spectroradiometer data over Ochang plain region. These results indicate that the
MODIS NDVI is underestimated by approximately 50%.

Key Words : Vegetation Index. MODIS, Spectroradiometer, Imge fusion, Enhancing spatial resolution.

* o] =& 20059% THEUS SGEdTARAe] AFHIAe] ojste] ATH IS
Corresponding author : Park, Jong-Hwa, Department of Rural Engineering, Chungbuk Nat’l University,
Tel : +82-43-261-2577, E-mail : jhpak7 @chungbuk.ac.kr

Received : 27 July, 2006. Accepted : 1 December, 2006.
-1 -



Qo] Z7lsh 25570 ol whE EAle

Lo

=
st b AN, W] AR e 24
o & B3E IeATE 29o g Fgsta Q)
9 2

9] X
ofo] e x]ojok & Ao|thBannari et al., 1995).
FES AEY TRE TESHAY 2E] Aol

718 AS5F7l gk HR7E E 8 3ltHJensen,
2000).

21 A 5Z 3R] NDVI(Normalized Difference
Vegetation Index : Z718} 2 AAF)= 249
FHES ekl ARE, RsoIA 714 9e) AL
EHE A%F shtolthRouse, 1974). NDVIS]
AMA HES A8 FHE 53 95% &
S A A= A5 etat e
EAHFS gotd 4 Sle ARE AR S
T} NDVI®| €2l T<atal, 249 HhAbES
ZhA g ol M vl ZA 9 FHlM we HE
S o] &3} AT Tucker, 1979). NDVIS] £ &
o] AR A A o] Ro] THsstal,
g Ato] vl W, HALAE ARE-3t
WP EHAES 7IHE = = FdA Bol o
453 9tk 53], Landsat, AVHRR(Advanced
Very High Resolution Radiometer : 7] &% Z113]]
4= FAHA]), MODIS(Moderate Resolution Imaging
Spectrometer) 3732 =2 AIZBIAE HolHE
o] &t AlAgA gl I o]-8= 1 YTHTucker,
1978; Justice, 1998).

A7 B A A o] RUE Foll= NOAA
of ©le AVHRRGZo] d2] AH&Ho| stk
34 Landsat 5 #A=F717F 1692 23 34
TAHZE W @ o] gl FHZoll= MODISY

o]l FEZ HEHWA 1 E87]&0] gYs
Hololl A A7E 1 B A7Anr) A E Q)
THGSFC/NASA, 2000).

Terra?] 3% AquadS di7], Y, SAE
B #5 4 = THsAlA MODISE
EAEkaL gtk o] NOAAYIAS HES o]0
MODISH| OBl = A FA4l0] 7Fa3lH 4211t
THIHW AHFA 48 5 o] F940 A
HAS &8A4o] 7t YkHuete, 2002).
uEbA =oluy E4eet 2o] Adnss uedh
BEF7F B3 79 MODIS9 o] 138 53
U] 948 AS5T 4 e dHolE 9 o849
@ 3}TH(Cracknell, 1997). 33, Ho|HE 4&
& e F7e FEEJoY FIEPFEHA A
250m*-H 1000m= Fotst MODIST A/ S 9] =
AA A AR 5= SAE Hola 3

o} 3 A EGES Y B olet A5
F717F Aol BaA7)e oy HFo] 2Hd
o] et whEhA A5 itelde] MODISY
S =8 Z7h AT Y] Landsato]y Aster 59
VEE Gdst & F e A el A
ohA A £ A 70 ARE fEo] T
& Ao, 1 &AL g Fopd Aolth A
74 &2 AVHRRY4S o] &sto] FH#<]
NDVIZES E#3 dA7e goy A
NDVIEES Z7]402 ZAlg AT9 184
T Agt 7y A= A9 AAEA & o

(Leprieur, 2000).

HSsPA 2 71H-e AF74A] TVEd 5ol
wo nlefd oz WA & HAEI|ES
+ W O] THPohl, 1998; Shettigara, 1992). A
Fll 4= 9] MODIS %7l THSs A2 71
283t] Landsate] w3 EgAo 2 A st
WHES stk ol 24 A9 Ape] 5AH
QA AAste] 71491 WtE vpetsh= d
._CI’__ 7

o ofo

N

¢

)



MODIS% 3] 1adest TS o835 2% o NDVIS] H7} 3
ARl nFE RS o ® wEst & o oA 5AA 7€7]E dEdth o] 7]&7]¢]
Aol 71 NDVIS £ WHESAS Fota, HWHIEAS getshd O EA7F 2te JRuioto
AR ZAF NDVIS} vl B3 A3E A| A3t 7}53ltH(Waltershea and Biehl, 1990).
1 884 AESSH EHWAIRA ] EFFE o] &3 1IAETTH
o 2HEY 71725 2B A }
I SIZAR H siabsliad 4y A 9 v e Fohfed F43
Holtk 3 A0 BV 1AE4(1/nm)
1. ZAIX| Dt SHAAS gy = A ()3 2ok
ZAA AL AFA ) HATS TFS 34.5% dR R
., Ry R
28.5kmo|th, ZA}A| 9] =B AFEE(Sandy an, A=, O
loam)o|H, ¥ FL-& AjAS}H Holth B 2004 A7|A, = AL 2o, A= 7 24
59 2099 30x15em®] FAAAAYZ oY AH A mm), Ri= I 4,2 EFIAE(%)
ate] 2004 102 49l 313 ot}
AL Figure 13} Zo] F5 HAT oFH  2xwsee 4 (1) 1A= 717w}
FA7IEY0l AN AAEFEH 127°28 9, = pak= Aog ybA 40 Bauhaeo) 23 &

B-9] 36°43 28 "ol A Spectro-radiometer(F-HF-E
AHA), LI-1800, LI-Cor.Al, 243419 : 300~
1,100nm, Z37+2 : 5nm)9l Telescope/Microscope
AZAste o EFRAAIUAE SA AT
3}, 2005). A} A7 23] 20% ©]EH3]
S Ak, 3782 10419014 144] Ate]
o AAJsk3dt

FHALEA o B AR 2AE B Y A5
AR 3A FEEE oYVl L7, #5347,
F971, 2571, A&7 dlDshe 113]9] o]

HE S5t

KR Z
=

(tﬂ-

=

35

N
L

i Measurement

RB comosi |mge of
study area [R(7)-G(5)-B(1)]
Figure 1. Measurement site and apparatus for spectral
reflectance in field.

e A @9 2ol 72 F

d°R,
d\ 2

At

—dR

dR N )
e e)

N

S

i+t1

ZEIALZEAL]| o st AlMX|

ZA o] BANAEE olgstel @

AT NDVIjurs T-HH 2 (3)3% Z2th
NIR 850 R 650
NIR g0 T R 650

5

o FI

A
]_

_12

NDVI fifg= 3)

7NN, NDVIgures Q7ZAMNA B2 13}
2R G0 M| Reso2 650nm 2] W14}, NIRgso
850nm o] =4 2|/ ugel.

Atz o g ADVIE -1 < NDView < 19 3

Z+=TtHRouse 5, 1974).

o
p.

S
=

OLI-
T
T

A0 2 LandsatB3* 1,150%950 §H\_°ﬂ sret=
A dolt}, B Ao o] &3t Y IARE 4
2)31A Table 13 2T}



4 wE3) - Y
Table 1. Usage satellite image data. Landsat
image
Landsat Image Histogram match | Replace |
02y <’ 014 o MODIS MODIS 5 ”
Path/Row 115/33 (3§ 39 25 N,o 127 14} E R s Dol :-| S 2*
36°45 25 N’ 127°34 15 E) G Transform H Transform }
B S S B*
Sensor Landsat 5 TM
Figure 2. IHS image enhancing spatial resolution process.
Date 2004.08.31 gur . & 5P s
MODIS Image data 8817] 98 T E A LandsardAh 2 A
. 2T Ixhe 23kl Fi
N 36°30 25 'N, 127°14 E~ S S IMODIS 3= £33ted Figure
ange 36°45 25 'N, 127°34 15 E 29} 28 HSYAHZ7IHS A48T o2
22Xl O A sl © Ayl 7k
Date 2004. 5. ~ 2004. 10 THOE AE s 4t 2.
Terra$] A 22 Ao MODIS%4H9] RGBE

Terra MODISH|©|E]= 2,330kme] FA} Z0
3eM=2 #ZE 1 UTHGSFC/ NASA, 2000).
3l Aol A-8-3F MODIS %9732 2004 5€ 14%F
B 2004'd 10¥ 3147k NASAO) A ol $=41
g MODIS% HlelH otk HA71M 59 ¥
< Hase] flste] #5E FRAG FAA
Band 1(34 620~ 670nm) 2] zro] A7t =& A
S WEAZ Agste] 10971 FAEFGS
detsieh. A1l whet Gt A3l
T4 759 284, Holy FAld
HASHA AAA Z3 A= Uk
ME9] F7HIAE7} 250me] MODIS %9/4-<
o] &3 A3l ABATFNDVivor)= A (4)%F
o] B3 Band 17} 29 ©|oJE1E Z§3te]
=g

O:

=z =

=
=y
-
&

Band2-Bandl
Band2+Bandl

NDViyoprs = 4)

71X, Band 1& MODIS?] 620~ 670nm2)
7HA133 w7 ubd W= Band 2 841~ 876nm

o] ZA e 3 M=olth. NDVivopse] B9+
-1 < NDVlyopis = 18] & Z=Th

B S S
Yo
[ _ —
[Vﬂ V6 V6 V6 @ )
V. 1 -1 0
2 2
— \4
H=tan 1721) (6)

Al [, o o)
B w58 UL, w, e 242 B3 otk
Agae husAe et 2o,
v,= S cos (H)
v,= S sin (H) ®)
2
L1 1
R V3 V6 V2 7
G*l= 7171;1 v (9)
71;2 0 2
3 6

7, 4, skt 9 e
o7l W, =4, s 9 golth



o] &3 ¢ ¥%oF NDVIS| H7} 5

H, 54 Ao gest gk
1 ,«
I=—=1
3 (10)
I*"=R+G+B

G7} &Y o,

a=—R=C 15 5= L23C

(13)

Ro| HAad o,
R*=41'(1-9
G*= §1(1+55 3SH) (14)
B*=-L 1" (1-45+35H)

G7} H4Y ),
R*=-I"(1-75+3SH)
G*:—:l,)l*(l—S) (15)
B*=—LI"(1+85—35H)

B7} 24 o,

R*=%1*(1+25—3SH)
G*:%z*(1—5+ 3SH) (16)
B*=—é[*(1—5)

oz Taj

Im. Z= 3 o

1. 89| 2HUIEY siiY

AR F= ADERE A WEsh F3hE e
2 A e g g Bxdith 447

S WMol FEIY 422 E W9 A% 5
o glom AWH WaE Y & % 5 e A

2% shke ot

BEIAlAe b AA e B AEg AU

Ngo] gare @ S 1 Aoe] AAgR
S 3gHoE sopsr) 93
F b ERWARA 718719

o)
boS
W 7 Fgo] 2k e AWYRE

693 YRS

H ] *“MTOH EHfTP A2 = *é%l Z7]

AelA 5
7] 135k 2004%1 5°J‘:'E1 10%77}11 373 A
2 113] AA8He BEAEA A3
SRR A E@ﬂﬁﬂrﬂ grol A A
FE e #goE AR-ETh TRARE T 2
BHARES 1AFS} 23} Eok O Fete] U
ERNY Figure 33 2t}

o] ARAAME a3k 1, 23k &34
W37t 7bg 2 942 730nmo] ™, t2-©] 530nm
2 Yehdth 9714 730nm3g-S 7HA 3
2 g7ge] A9 Red edge7H2.2, YUl
o] MEdn N2 F7ldA LA s U A
H21g-o] JEFS FA =t $HH 920 ~980nm
g HeloA] wAe FEESF ert EAs
o} whebA ZA LAl A AEHE HAH o
2 22 4 = 372 740 ~900nm7F H
CHTurker, 1978). E3HkAIEAJ o] 7};@ Feyz
A 7)= 7%1 21°1o] om

_E



o
I
ol
ol

AE oS M AEE ABAFHSE of
= Aol Fasith T3 949 w1
o] A% ZAs A AREE v$ Fas)

2 (3)E o83t T3 NDVijrs YFERNA
Figure 49} Zth 293} o] B9 AQR|F=
R RE AES71A 0 < NDVigew < 12] W
Aol TESTE. NDVIjure 58 229 A$-9] o]
7190 042 71 v, £49719F 38715
U 971728 219) Ao 09302 71 =
W, 7] AEE 07158 A3, o]F

7l E 0.6WFE Yolxle 545 H]ldh

N

A

o X

o,

40—

Reflectance{%a)

20—

§00 00
Wavelength (nm) 400

1000

1st dirivative

Wavelength (nm)

2nd dirivative

Wavelength (nm)
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Table 2. Monthly variations in Rainfall, Average temperature, and sunlight(2004).

Month 1-10, | 1120, | 21-31, | 1-10, | 1120, | 21-30, | 1-10, | 11-20, | 21-31,
May May May June June June July July July
Ave.Temp.(C°) | 166 178 199 227 227 239 242 254 28.1
Rainfall(mm) 66.7 24 311 15 2445 | 1695 | 805 2355 | 29
Sunlight(hr) 55.1 518 83.1 73.6 64.6 245 242 12.8 84.5
Cloud ratio(1/10) |  6.27 6.77 535 471 6.14 8.59 8.88 8.96 4.86
Month 1-10, | 1120, | 21-31, | 1-10, | 1120, | 21-30, | 1-10, | 11-20, | 21-31, Sum | Average
Aug. Aug. Aug. Sep. Sep. Sep. Oct. Oct. Oct.
Ave.Temp.(C*) | 28 258 238 226 219 19.8 163 15 13.1 3876 | 2153
Rainfall(mm) 76.5 1516 | 195 215 117 0.5 1 1 0 12508 | 69.49
Sunlight(hr) 863 422 44.8 64.2 317 59.5 75.1 717 83.6 10393 | 57.74
Cloud ratio(1/10) | 4.44 6.89 6.97 58 7.6 504 4 353 245 10725 | 596
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